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This experiment compared the effects of two artificial insemination (AI) rods on 
farrowing rate and number of piglets born per litter. Three hundred eighty-nine sows 
were allotted into two experimental groups based on parity, body condition, and breed of 
sire influence of the sows. One hundred ninety-three matings were performed using the 
experimental intrauterine rod, and one hundred ninety-six matings were performed using 
the traditional cervical rod as the control. Total number of piglets born per litter was 
measured after each sow farrowed, and the farrowing rates were calculated at the end of 
the study. Farrowing rates were 68% and 66% and total number of piglets born per litter 
was 9.39 ± 0.55 and 9.74 ± 0.53 for the experimental and control groups. Number of 
piglets born alive per litter was slightly lower than the total number of piglets born per 
litter for both groups, 8.97 ± 0.54 and 9.29 ± 0.52. The total number of piglets born per 
litter and the farrowing rates were not significantly (P > 0.05) different between the 
experimental and control groups. Results from this trial produced no incentive to use the 
intrauterine AI rod in this or other similar commercial settings. 
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Chapter I 
INTRODUCTION 
Three different methods of mating exist in swine reproduction. Two of these 
methods are natural in which the male must stimulate and mount the sow, penetrate the 
sow, and finally ejaculate into the sow's cervix. In this process, the male is directly 
involved with inseminating the female. The two methods of a natural mating are pen 
mating and hand mating. Between the two types, pen matings require much less time. 
Producers select a group of females and place those females into a pen with a male. 
Disregarding periodical observations of the females for health, the producer's effort in 
breeding is over until the end of the breeding cycle at which time the male is removed 
from the pen. Whereas in hand mating, the producer actively participates with the 
breeding process by placing one female in a pen with one male at a time. Producers are 
able to individually watch each mating, and, if necessary, assist the male in breeding the 
female. Furthermore, hand mating allows the producer to breed different females to 
different males on an individual basis. In both cases, the livestock producer selects both 
the males and females to be mated together and places those selected animals into a pen 
or field. 
The third method of mating is called artificial insemination (AI). AI is the process 
of collecting semen from a male and transferring that semen into the female. Unlike 
natural mating, the male does not directly participate in mating the female. Semen is 
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collected by hand and is evaluated for motility, morphology, and concentration. Once the 
correct dosage is calculated, the semen is diluted with an extender and used fresh or 
frozen with liquid nitrogen for later use. In the swine industry, most inseminations are 
performed using fresh semen, whereas the cattle industry primarily uses frozen semen. 
Artificial insemination has been performed for centuries, yet Spallanzani was the first 
person to document AI when he successfully bred his dog in the mid 1700s (Foote, 
2002). Today, AI is used in many species such as dairy and beef cattle, horses, chickens, 
turkeys, and swine. Foote (2001) suggests that 50% of the sows in the United States, and 
48% or 24.1 million of the sows worldwide are bred AI. Martinez et al. (2002) reported 
that 100% of the domestic turkeys are bred AI. 
Many livestock producers have switched from a natural mating system to an 
artificial mating system because of genetic improvement, economics, and safety. AI 
allows producers to acquire semen from genetically superior males or allows for the use 
of genetically diverse males from another line or population. While both commonly occur 
in the beef and swine industries, the main reason swine producers utilize AI is to extend 
the use of semen. From one boar, producers can extend one ejaculate into ten to thirty 
doses rather than having ten to thirty boars for one dose each. Yet, the most appealing 
aspect of AI to purebred breeders refers to its economic soundness. Instead of buying 
expensive, genetically superior males, the livestock producer can buy semen from males 
at a much lower cost than acquiring those same genetics in a live animal. Finally, 
increased safety has become another important issue with regards to AI. By not handling 
a large number of boars in daily operations, the likelihood of farm personnel incurring 
injury when handling boars is reduced. 
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Technology in AI has continued to improve over the past half century and 
continues to improve today. Any technology that improves profitability through 
farrowing rates, number of piglets born alive, or other means in swine production will be 
welcomed by producers. 
In swine reproduction, the boar deposits semen into the cervix during natural 
mating. The boar's counterclockwise-spiraled penis locks into the sow's cervical folds 
and ejaculates on the average of 84 to 95 x 109 spermatozoa, depending on the breed 
(Ciereszko et al., 2000). A gelatinous plug follows the ejaculate. Theoretically, the 
functional role of the gelatinous plug is important in retention of semen in the cervix and 
minimizing runback. AI has mimicked this process, only leaving out the gelatinous plug. 
In the beginning, AI rods consisted of glass pipettes that would deliver the semen into the 
cervix. The next revolutionary technology was reusable rubber AI rods. These rods made 
AI more efficient; however producers had to wash each rod after use. Since water is 
spermicidal, this method posed a problem. Finally, plastic disposable AI rods were 
introduced and welcomed due to their ease of use and safety. Semen is deposited into the 
cervix using either a spiral or rounded AI pipette. 
The most recent AI rod technology is the use of intrauterine AI rods. Pipettes or 
balloons within catheters travel through the cervix and allow the sperm to be deposited 
into the posterior portion of the uterine body. If this technology improves the number of 
viable sperm reaching the oviducts to inseminate the awaiting ova, farrowing rates and 
number born alive could increase as well. The process of inseminating sows is a timely 
process if done correctly. Furthermore, if intrauterine AI rods decrease or eliminate 
runback of spermatozoa or decrease the total amount of spermatozoa used per sow, less 
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spermatozoa would be needed to breed the sow thus increasing the number of sows bred 
per boar. In conclusion, the purpose of this experiment was to see what effects 
intrauterine AI rods have on litter size or farrowing rate when compared to the current 
traditional cervical AI rod. 
Chapter II 
LITERATURE REVIEW 
Estrus Detection 
Artificial insemination in swine involves many events that must happen in an 
orderly fashion to achieve optimal fertility. The first event and perhaps the most crucial is 
estrus detection. Accurate detection of estrus should allow each process from that point 
forward to happen within their respective time frame. Recognition of estrus is simple. 
Through evolution, female pigs have developed a behavioral mechanism to communicate 
estrus to a boar. Producers can easily detect this mechanism by applying back pressure on 
the female pig. Kemp and Soede (1996), Nissen et al. (1997), Lucia et al (1999), and 
Rozeboom et al. (2004) all agree that the standing reflex of a female pig while in nose-to-
nose contact with a boar signals the occurrence of estrus. Once estrus is recognized, the 
sow can be time-bred either naturally or artificially. Identifying the onset of estrus is 
crucial for timed inseminations. Spermatozoa must be inside the oviduct with optimal 
time to undergo capacitation. Capacitation refers to the changes spermatozoa must 
undergo to acquire the ability to fertilize oocytes (McLaren, 1980). In the research 
mentioned above, the interval between estrus detection periods was eight hours and the 
onset of estrus was defined as the first observation of estrus minus four hours. While 
estrus detection could be performed two to three times each day to achieve the most 
precise estimate of estrus, research by Knox et al. (2002) suggested that the optimal 
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estrus detection frequency was once daily. Farrowing rate and total piglets born per litter 
increased when estrus detection happened three times a day compared to once daily, but 
this increase was explained by more accurately detecting the optimal AI window and not 
due to increased boar exposure. Increasing estrus detection intervals did not have any 
significant effects on wean-to-estrus interval, return to estrus, or estrus to ovulation 
intervals. Each additional estrus detection time incurs an associated cost, and in most 
commercial swine farms, estrus detection occurs only once each day due to the 
cost/benefit ratio. 
Estrus Duration 
Estrus duration (ED) is described as the time from the beginning to the end of an 
estrus period (Lucia et al., 1999). ED is often unique to individual farms as shown in 
research performed by Steverink et al. (1999), where 23% of the variation in ED resulted 
between farms. In 118 sows, Nissen et al. (1997) found that ED ranged from 30 - 89 
hours and averaged 60 hours. Kemp and Soede (1996) and Lucia et al. (1999) also found 
similar results with ED ranges of 24 - 80 hours and 15.5 - 96 hours with 53 h and 55.9 h 
averages, respectively. Steverink et al. (1999) reported similar ranges of 31 - 64 h with a 
mean of only 48.4 ± lh, possibly shorter as a result of a longer lactation length of 21 - 28 
d rather than < 21 d observed in previous studies. 
Some of the variability in ED among studies may result due to different lactation 
lengths (LL). LL are indirectly correlated with ED. Lucia et al. (1999) has found that 
increasing LL negatively correlate with wean to estrus intervals (WEI) and increasing 
WEI negatively correlate with ED, but have yet to directly correlate LL with ED. 
Researchers have found only trends in which sows with longer LL tend to increase ED. 
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In other studies, variation in ED resulted from parity differences, first estrus vs. 
subsequent estrus, length of WEI, season, boar effects, and stress (Kemp and Soede, 
1996; Steverink et al., 1999; Merks et al., 2000). ED variability could possibly be 
explained by the process of detecting estrus and the intervals between estrus checks. 
Checking for estrus more frequently would give a more accurate assessment of onset and 
ending of estrus. 
Weaning to Estrus Interval 
Although most swine producers use the onset of estrus as the sole landmark to 
determine the ideal time of insemination, WEI can be a resource tool to optimize the 
timing of AI. WEI is described as the time from weaning to the onset of estrus. Many 
researchers have reported a negative correlation between WEI and ED (Lucia et al. 1999; 
Merks et al., 2000). Research by Kemp and Soede (1996) quantified this negative 
correlation with R = 0.25 and developed the following regression equations from two 
experiments: ED = 81 - 0.33 x WEI and ED = 88 - 0.33 x WEI. As the interval from 
weaning to estrus decreases, estrus duration increases. 
Once sows are weaned, controlling when sows return to estrus is difficult, if not 
impossible. However, management can alter other areas of production before weaning to 
increase or decrease WEI. One such change that directly alters WEI is lactation lengths 
(LL). LL tends to negatively correlate with WEI and positively correlate with estrus 
duration (ED), although no direct affect of LL on ED has been reported (Lucia et al., 
1999). For example, females with a long LL tend to have shorter WEI and longer ED. 
Lucia et al. (1999) studied 173 F1 females on a commercial farm in Southern Brazil. 
This study found that LL from 14 to 19 d did not differ statistically on WEI. 
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Yet, as LL increased to 20+ d, the probability of a long WEI occurring tended to 
decrease. 
A WEI effect on ED has also been shown by many researchers. Lucia et al. 
(1999) found a negative correlation between WEI and ED. Sows with longer lengths 
between weaning and estrus tend to decrease the length between the onset and end of 
estrus. Observations by Kemp and Soede (1996), Steverink et al. (1999), and Rozeboom 
et al. (2004) also concur. 
Not only has WEI been shown to influence ED, but WEI can also affect other 
critical reproduction parameters. Steverink et al. (1999) found WEI to effect litter size. 
Their results demonstrated that when ED increased from 4 to 7 d, litter size decreased by 
1.1 piglets per litter. Since WEI can greatly affect sow production, management must 
continually monitor this variable to prevent any decrease in reproductive performance. 
Timing of Insemination to Ovulation 
Insemination timing can result in large differences in farrowing rates and litter 
sizes (Nissen et al., 1997). Furthermore, if insemination occurs long before ovulation, the 
spermatozoa will have a lowered chance of fertility. If insemination occurs long after 
ovulation, oocytes would not be present in the oviduct to await fertilization. Therefore, 
timing AI is critical to allow time for the spermatozoa to undergo capacitation and await 
the oocytes. Ovulation follows the onset of estrus by 10 to 85 hours and usually occurs in 
the last third of estrus (Buhr, 2001; Rozeboom, 2004). Kemp and Soede (1996) found 
similar results with 71 % of the total sows ovulating 37 ± 1 h after the onset of estrus or 
two-thirds through ED. Nissen et al. (1997) used ultrasonography to determine ovulation 
in sows and generate the optimal time for insemination based upon farrowing rate and 
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litter size. Their conclusions have shown the range from 28 h before to 4 h after 
ovulation to result in the greatest litter size and farrowing rate. Soede et al. (1995) 
reported inseminations 0 to 24 h before ovulation achieved the greatest farrowing rates. 
With this information, producers can time AI to ovulation, but unfortunately calculating 
estrus duration is retroactive. The producer must know the amount of time from the onset 
of estrus to the end of estrus, and if the producer waits to calculate this time period, the 
optimal or even accepted time to inseminate has passed. Therefore, observant producers 
can achieve a rough estimate by averaging the herds ED and proceeding forward with this 
best estimate. 
As mentioned before, correctly identifying the onset of estrus is crucial when 
inseminating sows and gilts. Beside estimating the time of ovulation through calculating 
ED, one pre-ovulatory interaction, ED x WEI, is known to be a valuable predictor of 
ovulation. Inseminations should be delayed for sows that return to estrus earlier after 
weaning. Rozeboom et al. (2004) suggest delaying insemination by 24 hours in sows with 
WEI of 3 to 4 days. 
Mating Frequency 
Not only is timing the insemination important but also mating frequency (MF) can 
drastically affect litter size. MF is the number of times the producer inseminates the 
female within a given estrus. MF is an important topic to most swine producers due to 
time required for additional matings. The standard for mating frequency is two services 
per estrus. The producer usually has a limited supply of semen or boar services and must 
decide the most optimal mating frequency to maximize fertility with boar limitations. 
Xue et al (1998) showed that fertility in sows was significantly (P < 0.001) reduced with 
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one service compared to two or three services per estrus, but was not significantly (P > 
0.05) different between two and three services. Litter size was not significantly different 
among one, two, or three services per estrus. Therefore, Xue et al. (1998) concluded that 
producers should service sows twice per estrus to maximize fertility. 
Site of Semen Deposition 
Traditionally, semen is deposited primarily into the cervix and secondarily into 
the os cervix during artificial and natural mating. A typical sow's cervix is 15 to 20 cm 
long (Knox, 2005) and composed of dense fibrous tissue that provides a barrier between 
the external environment and the vulnerable uterus. Thick mucous is secreted within the 
folds of the cervix, containing a strong immune response to any antigenic material. 
During natural mating, the boar's penis locks into the cervical folds. The force by 
which the boar ejaculates pushes the semen toward the uterus, with some semen reaching 
the uterus. The traditional cervical AI catheter (Cerv) is inserted into the vagina and 
rotated counterclockwise to lock into the cervix. Intrauterine AI catheters (IU) are used in 
the same way, but have devices that allow semen to be deposited directly into the uterus. 
In either case the journey of the spermatozoa begins at the site of insemination and 
contractions of the longitudinal muscle layers of the uterine body and horns push the 
semen toward the site of fertilization, the ampullae-isthmus junction (Rath, 2002). The 1 
to 2 m distance spermatozoa must travel occurs within a relatively short time period with 
spermatozoa reaching the oviduct within 5 minutes (Steverink et al., 1998) to 30 minutes 
(McLaren, 1980; Hunter, 1990) 
In theory, semen deposited closer to the ova would result in an increased number 
of eggs fertilized and an increased farrowing rate. However, in a 422 sow comparison 
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between an intrauterine and cervical AI rod with multiple spermatozoa concentrations, 
Rozeboom et al. (2004) found very different results. They reported farrowing rates for the 
intrauterine catheter at 94.4 ± 3.2 and the cervical catheter at 88.2 ± 3.2, not differing 
statistically (P > 0.05). No significant differences were found between catheters for total 
born or total born alive as well. 
Quantity of Semen Deposited and Semen Backflow 
To achieve the greatest number of oocytes fertilized and ultimately the greatest 
fertilization rates and litter sizes, spermatozoa must be present in the oviduct at ovulation 
(Knox, 2005). Factors such as semen backflow and immune system responses from the 
female decrease the amount of spermatozoa and seminal fluid that make it to the oviduct 
for fertilization (Knox, 2005). During natural service, the boar has hedged against these 
factors and ejaculates 150 to 300 ml of semen containing 30 to 60 x 109 spermatozoa into 
the uterus (Foote, 1980). In today's industry, commercial producers and more importantly 
breeding stock companies are striving for a lower inseminating dose of spermatozoa. 
Baker et al. (1968) concluded that significantly higher numbers of oocytes were fertilized 
when using 100 ml compared to 20 or 200 ml semen. This research helped formulate the 
100 ml semen containing an average of 3 to 5 x 109 spermatozoa now used in the swine 
industry (Steverink et al., 1998; Rozeboom et al., 2004). A decrease in sperm used would 
allow more doses per boar, in turn lowering labor costs of collecting semen while 
maximizing production from superior, expensive boars. 
In the study mentioned above, Rozeboom et al. (2004) also compared different 
insemination dosages with sows being inseminated with one of four treatments: 0.5 x 109 
IU, 1 x 109 IU, 4 x 109 IU, or 4 x 109 Cerv. They showed sows inseminated with 
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concentrations of <1.0 x 109 spermatozoa IU had significantly (P > 0.05) reduced 
farrowing rates, total pigs born, and pigs born alive. Rozeboom et al. (2004) noted that an 
insufficient number of spermatozoa might have reached the utero-tuberal junction, 
possibly resulting from an immune response by the sow. This research demonstrated that 
the journey from the cervix to the oviduct was a detrimental event to sperm cells. 
During natural mating, a gelatinous plug is secreted by the boar to prevent 
backflow of semen. This procedure is omitted during AI and some backflow of semen 
results. Steverink et al. (1998) reported that 70 ± 3.4% and 25 ± 1.4% of the total semen 
volume and spermatozoa backflowed 2.5 h after insemination. Willenburg et al. (2003) 
found comparable results with 79% and 57% of the total volume and the total 
spermatozoa inseminated being lost 8 h after AI service. Willenburg et al. (2003) studied 
the interaction of boar stimulation and semen backflow. They found that gilts without 
boar contact had an increased backflow of semen at the AI service (32.4 vs. 18.6 mL). 
They theorized that this backflow was due to increased activity, since the non-stimulated 
gilts were not in standing reflex. Yet, they found that both boar-stimulated and non boar-
stimulated gilts lost nearly the same backflow at 8 h after service. Neither Steverink et al. 
(1998) nor Willenburg et al. (2003) reported any significant (P > 0.05, P > 0.10) 
difference in fertility using similar inseminate volumes. Steverink et al. (1998) reported a 
decrease in fertility when using suboptimal (1 x 109) concentrations. 
Boar Stimulation 
Although it is a common occurrence to use boar stimulation during estrus 
detection, boar stimulation during breeding is much less utilized. One reason is that 
competent personnel are required to safely move and handle the boar. Yet, this extra 
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labor could increase fertility. Uterine contractions are known to increase in the presence 
of a boar (Soede, 1993). Contractions aid in movement of spermatozoa and seminal fluid 
toward the oviducts. Willenburg et al. (1998) and Knox et al. (2002) have extensively 
researched boar exposure effects upon reproductive performances. Willenburg et al. 
(1998) reported that sows with no boar exposure during insemination did not differ in 
fertility or number of fertilized embryos compared to sows that experienced exposure to 
boars during insemination. Knox et al. (2002) found that increasing boar exposure from 1 
time to 2 or 3 times daily during estrus increased estrus duration. However, increased 
boar exposure had no effect on total born or fertility. 
Companies that produce intrauterine AI rods differ in thoughts regarding boar 
stimulation during AI. Richard Openshaw, director of Rotech, suggests that stimulation 
to sows during insemination could result in the cervix contracting around the AI rod thus 
preventing the balloon to travel through the cervix (Dunn, 2004). Research in this area is 
limited and should be explored further. 
Comparison to Industry Averages 
Table 1 shows industry averages for the years 2003 and 2004. This data is 
compiled by PigCHAMP (1998), an Iowa based company that develops swine 
management software. PigCHAMP data allows producers to perform valuable 
comparisons of their rank within the industry and permits the comparison of research data 
to larger data sets. Within this study, the industry averages will be used as a modest 
comparison only. 
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Table 1. Swine Industry Averages by Year' 
Item 2004 - Canada1 2003 - USA : : 
Mean Upper 10% Lower 10% Mean Upper 10% Lower 10% 
Average Parity 2.S7 3.40 2.30 2.64 3.70 1.50 
Average Parity of Farrowed Sows 3.76 4.30 3.30 3.49 4.30 2.70 
Weaning to First Service Interval 6.47 5.20 8.00 7.85 5.60 10.50 
Farrowing Rate 84.34 90.10 76.70 75.62 84.80 64.10 
Average Gestation Length 115.28 116.00 115.00 115.27 116.00 114.00 
Average Total Pigs Per Litter 12.10 13.00 11.30 11.42 12.30 10.60 
Average Pigs Born Alive Per Litter 11.04 11.90 10.20 10.25 11.10 9.50 
Percent Less Than 7 Bom Alive 8.38 4.00 13.50 12.42 17.50 8.10 
Average Stillborn Pigs 0.83 0.60 1.20 0.91 0.50 1.20 
Average Mummies Per Litter 0.23 0.10 0.40 0.22 0.10 0.40 
' Table adapted from PigCHAMP (199S) 
* N = 39 farms 
" N = 199 farms 
Chapter III 
MATERIALS AND METHODS 
This study was conducted on a farm northwest of Bowling Green, Kentucky, from 
March 2004 through September 2004. Three hundred eighty-nine Yorkshire x Landrace 
and Duroc x (Yorkshire x Landrace) sows were allotted into two experimental groups, of 
which one hundred ninety-three were allotted into the experimental group and one 
hundred ninety-six were allotted into the control group. Sows were equally allotted into 
each group based on parity, body condition score, and breed of sire influence of the sows. 
Sow parity was determined as either first parity (PI), second parity (P2), third through 
sixth parities (P4), seven or more parities (P7) and equally allotted into treatments. A 
population of sows within the herd was selected as replacement gilts from the finishing 
floor. Those sows were identified and, along with parity, were allotted equally into both 
treatments. 
Sows were administered one 10 ml dose of equine chorionic gonadotropin 
immediately before weaning. Sows were then weaned into heat checking pens where 
estrus detection occurred once each day. Estrus was defined as the first observed 
standing heat in nose to nose contact with a mature boar. Two matings per sow were 
performed for both groups at 8 ± 2 and 32 ± 2 hours after detection of estrus. Terminal 
Duroc boars were collected onsite each day and semen was used fresh or within one day 
of collection. After collection, boar semen was pooled and extended to 3 x 109 
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spermatozoa per dose with commercially available semen extender. The extended semen 
was either bagged for the control AI rod or bottled for the experimental AI rod. The extra 
extended semen was stored overnight at 17°C. Three employees with similar AI 
experience randomly mated the sows, and employee error was not evaluated in this 
project. The three employees had been given detailed training on use of the intrauterine 
rod, and all three employees had practiced breeding with this new rod for one week. 
Sows were mated based upon their respective group. The control AI rod (Cerv) 
was a rounded, foam-tipped catheter that deposited semen directly into the cervix. 
Industry standard AI procedures were used during matings with the Cerv rod. Stimulation 
of the sow with either boar presence or back pressure was allowed in the control group. 
Once the Cerv rod was inserted, semen flowed by gravity and uterine contractions, both 
helped deposit the semen into the cervix. Once the semen bag was empty, the Cerv rod 
was removed and insemination was defined as successful. 
The experimental intrauterine AI rod (IU) was similar in appearance to the control 
rod, both rounded and foam-tipped, but differed in function and site of semen deposition. 
The IU rod deposited the semen directly into the os cervix by a catheter that extended 
under pressure applied to the semen bottle by the breeder. In case the catheter could not 
penetrate the cervix, the balloon catheter herniated to increase the diameter of the cervix. 
Then, the balloon catheter is capable of passing through the cervix into the uterus. AI 
procedures also differed for the IU rod compared to the Cerv rod. No boar presence or 
back pressure was allowed when using the IU rod. The IU rod was inserted into the 
cervix of each sow much like that of the control group. After insertion, the sow was 
allowed appropriate time, usually around one to three minutes, to relax before the 
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employee deposited the semen. This time functioned to calm cervical contractions before 
the catheter was extended through the cervix. After this time elapsed and the sow was 
moderately relaxed, forceful squeezing was applied to the bottle, thus increasing fluid 
pressure inside the rod expelling the catheter from the interior portion of the IU rod 
through the cervix. A mating using the IU rod was defined successful if the catheter was 
extended after removing the rod from the sow. If the balloon catheter was not capable of 
extending through the cervix, repeat inseminations occurred until the mating was deemed 
successful by the inseminator. 
Females were ultrasonically evaluated for pregnancy at 30 ± 3 days after 
insemination. The farrowing date, number born alive, mummies, and stillborns were 
reported at each farrowing. Stillborns and mummies were included only as part of the 
total piglets born. Total number of piglets born alive were calculated for each sow after 
farrowing. Farrowing rate was calculated after all sows within the study had farrowed. 
Farrowing rates were calculated by the FREQ procedure using SAS (SAS, 1996). 
The Least Squares Mean procedure was performed for breed, parity, and BCS on total 
born, number piglets born alive, mummies, and stillborns. The model included breed 
nested within parity nested within body condition score; therefore any variation due to 
each selection criteria upon farrowing rate or litter size would be within each treatment. 
A Chi-Squared analysis was performed to calculate differences between the experimental 
and control AI rods. 
Chapter IV 
RESULTS AND DISCUSSION 
The objective of this study was to compare an intrauterine and cervical AI rod on 
farrowing rate and litter size. At the onset of the trial, 389 sows were allotted into the 
Cervical group (n = 196) and the experimental IU group (n = 193). Before weaning, each 
sow was allotted by breed of sire influence, parity, and body condition score to either the 
control or experimental group. 
Breed of Sire Influence 
Table 2 illustrates the distribution of sows by breed of sire influence. The 
presence of Duroc influenced sows within the study was low, 12.08%. Both experimental 
groups contained similar number of Duroc influenced sows, 24 or 12.44% for IU and 23 
or 11.73% for Cerv. 
Table 2. Distribution of Breed of Sue Influence of Sows by Treatment 
I tem Duroc Inf luence N o Duroc In f luence Total 
Intrauterine A I R o d 24 169 193 
°oa 12.4 87.6 
Cervical .AI R o d 2? 173 196 
V 11.7 88.3 
Total 47 342 389 
°ob 12.1 87.9 
a 0
 o refers to a percentage of the group wi th in a row. 
b
 °o refers to a precentage of the total exper imenta l popula t ion. 
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Body Condition Score 
Distribution of BCS by treatment and farrowing rate is illustrated in Table 3. 
Overall, 71.46% of the sows had BCSs of 3-, 3, or 3+ with the largest single group being 
sows with scores of 3 (33.42%). Sows with scores in the 2-, 2, or 2+ range equaled 
16.97% while 11.57% of the sows were scored 4-, 4, or 4+. The distribution of BCS 
observed within the sows was expected. BCS was measured a maximum of 2 days before 
weaning. At this time, an increased number of sows were expected to have a lower BCS 
due to a negative energy balance during lactation. Likewise, BCS should be higher during 
the gestation period. 
It is common industry knowledge that sows with a BCS greater than or less than 3 
may have lowered reproductive performance. In this study, 16.9% of the total sows had a 
BCS of 2+ or lower whereas 11.5% of the sows had a BCS of > 4-. These groups totaled 
28.5% of the sows expressing a BCS outside the range for optimal reproductive 
performance. P4 sows constituted half (54%) of the sows outside the optimal BCS range, 
yet showed no decrease in farrowing rate (68%) compared to the overall farrowing rate 
(67%). The most problematic group was P2 sows with a farrowing rate of 53%. All PI 
sows that possessed a BCS not within the optimal range farrowed (n = 5). P7 sows were 
slightly lower than P4 and PI with a farrowing rate of 62.1%. From these results, P2 
sows exhibited the lowest farrowing rates if they were outside the optimal BCS range. 
Table 3. Distribution of Body Condition Scores of Sows bv Treatment and Farrowing Rate 
Item 2- 2 2± 3- 3 3+ 4- 4 4 -
Farrow Open Farrcm Open Farrow Open Farrow Open Farrow Open Farrow Open Farrow Open Farrow Open Farrow Open 
Intrauterine AI Rod 3 1 1 3 14 9 34 14 41 23 18 5 12 4 6 3 2 0 193 
BCS bv Conception % 1.55 0.52 0.52 1.55 7.25 4.66 17.62 7.25 21.24 11.92 9.33 2.59 6.22 2.07 3.11 1.55 1.04 0.00 
Total BCS % 2.07 2.07 11.92 24.87 33,16 11.92 8.29 4.66 1.04 
Farrowing Rate % 75.00 25.00 60.87 70.83 64.06 78.26 75.00 66.67 100.00 
Cervical AI Rod 3 0 6 5 14 7 32 15 48 18 15 15 8 4 3 1 1 1 196 
BCS bv Conception ® o 1.53 0.00 3.06 2.55 7.14 3.57 16.33 7.65 24.49 9.18 7.65 7.65 4.08 2.04 1.53 0.51 0.51 0.51 
Total BCS % 1.53 5.61 10.71 23.98 33.67 15.31 6.12 2.04 1.02 
Farrowing Rate 0 o 100.00 54.55 66.67 68.09 72.73 50.00 66.67 75.00 50.00 
Total 6 1 7 8 28 16 66 29 89 41 33 20 20 8 9 4 3 1 389 
BCS bv Conception % 1.54 0.26 1.80 2.06 7.20 4.11 16.97 7.46 22.88 10.54 8.48 5.14 5.14 2.06 2.31 1.03 0.77 0.26 
Total BCS % 1.80 3.86 11.31 24.42 33.42 13.62 7.20 3.34 1.03 
Farrowing Rate % 85.71 46.67 63.64 69.47 68.46 62.26 71.43 69.23 75.00 
i .j 
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Parity 
Table 4 illustrates the parity distribution of sows by treatment and farrowing rate. 
The largest group of sows was P4 (66.8%) and the smallest group of sows was PI (3.8%). 
P2 and P7 contained 11.3% and 11.9% of the total sows in the trial. The largest 
difference between treatments based upon parity occurred in P7 with the experimental AI 
rod having an additional 10 sows. Furthermore, the largest difference in farrowing rate 
between treatments occurred among P7 with 65.0% and 43.3% of the sows in the IU and 
Cervical groups farrowing. Overall, P7 exhibited the lowest farrowing rate of 55.71%. P2 
sows showed no difference in farrowing rate between the IU (72.7%) and the Cervical 
(72.7%) groups. 
Table 4. Distribution of Parity of Sows by Treatment and Farrowing Rate 
Item PI P2 P4 P7 
Intrauterine AI Rod 
Parity by Conception % 
Total Parity % 
Farrowing Rate' 
Farrow Open 
3 2 
1.6 1.0 
2.6 
60.0 
Fallow Open 
16 6 
8.3 3.1 
11.4 
Fairow Open 
86 40 
44.6 20.7 
65.3 
68.3 
Fanow Open 
26 14 193 
13.5 7.3 
20.7 
65.0 
Cervical AI Rod 7 3 
Parity by Conception % 3.6 1.5 
Total Parity % 5.1 
Farrowing Rate % 70.0 
16 6 
3.1 
11.2 
94 40 
48.0 20.4 
68.4 
70.1 
13 17 
6.6 8.7 
15.3 
43.3 
196 
Total 10 5 
Parity by Conception % 2.6 1.3 
Total Parity % 3.9 
Fallowing Rate Total % 66.7 
32 12 
8.2 3.1 
11.3 
ISO 80 
46.3 20.6 
66 .8 
69.2 
39 31 389 
10.0 8.0 
1S.0 
55." 
Means 
Table 5 shows calculated means for different observations. The average wean to 
first service interval was 5.78 days, and average gestation length was 116.51 days. The 
gestation length for the sows in this trial was nearly one day longer than the industry 
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average (PigCHAMP, 1998). Individual farms commonly have unique gestation lengths; 
thus this trial's gestation length is not alarming. 
The average total born per litter was 10.46 piglets with 9.77 piglets born alive, 
0.69 stillborns, and 0.057 mummies. When compared to the industry means in Table 1, 
this trial data resulted in 1.6 fewer piglets per litter than 2004 Canadian data and 0.96 
fewer pigs per litter than 2003 US data. Furthermore, number born alive was well below 
industry averages of 11.04 in 2004 and 10.25 in 2003. Both stillborns and mummies 
were much lower than industry averages, which can be explained as both negative and 
positive. A disease or mismanagement problem could correlate with a higher percentage 
of embryonic death. Yet, possibly the best explanation of this variation is that only highly 
managed swine herds allow PigCHAMP access to their farm's data, and usually those 
farms will have a higher number of fertilized embryos. 
Table 5. Overall Means for Experimental Observations 
Item Means Stcl Dev 
Body Condition Score 3.38 = 0.74 
Wean to First Service Interval 5.78 ± 1.69 
Days between Breeding and Ultrasound 27.37 ± 1.39 
Gestation Length 116.51 ±2.20 
Total Bom 10.46 = 2.89 
Number Bom Alive 9.77 = 2.82 
Stillborns 0.69 = 1.03 
Mummies 0.057 = 0.23 
Farrowing Rate Interactions 
Farrowing rates were 67.8% for IU and 66.3% for Cerv as listed in table 6. No 
significant (P = 0.745) difference was found between the treatments on farrowing rates 
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using the Chi-Square analysis. Neither parity, breed of sire influence, or BCS had 
significant effects upon farrowing rate and was thus removed from the final model. 
However, P7 sows yielded a 21.67% higher farrowing rate in the IU group compared to 
the Cerv group. 
Table 6. Distr ibution of Sows and Fa l l owing Rates by Trea tment 
I tem Pregnant O p e n Total F a l l o w i n g Rate (° o) 
Intrauterine AI Rod 131 62 193 67.8a 
Cervical AI Rod 130 66 196 66.3a 
Total 261 128 389 
°o 67.1 32.9 
a
 Trea tments are not significant (P = 0.75) us ing Chi-Square Analys is 
Treatment/Litter Size Interaction 
Values in table 7 are Least Squares Means for IU and Cerv on total born, number 
born alive, stillborns, and mummies. Except for mummies, means for each constituent of 
litter size tended to be greater with the Cerv treatment compared to the IU treatment. 
Total born and number born alive means for IU were 9.39 and 8.97 piglets versus 9.74 
and 9.29 piglets for Cerv. Stillborns were similar between treatments with 0.42 and 0.46 
stillborns for IU and Cerv, respectively. IU treatment sows farrowed 0.032 mummified 
piglets per litter compared to 0.0055 mummified piglets per litter for the Cerv treatment. 
No significant (P > 0.05) difference was found between the treatments for total born, 
number born alive, stillborns, or mummies. 
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Table 7. Least Squares Means for Litter Size by Treatment 
Item Total Bom1" Number Bom Alive1 Stillborns1 Mummie.sT 
Treatment 
Intrauterine AI Rod1' 9.39 = 0.55" 8.97 = 0.54b 0.42 = 0.20° 0.032 = 0.045d 
Cervical AI Rod1 9.74 = 0.5?" 9.29 = 0.52b 0.46 = 0.19c 0.0055 = 0.044d 
j N = 261 sows 
a b t
 "Superscripts with the same letter within a column are not significant at the P > 0.05 
These findings are comparable to results reported by Rozeboom et al. (2004), in 
which low and standard dose spermatozoa concentrations with an intrauterine AI rod 
were compared to standard dose concentrations with a cervical AI rod. Rozeboom et al. 
(2004) found no significant difference (P > 0.05) between intrauterine and cervical 
inseminations on farrowing rate (94.4 vs. 88.2), total born (11.0 vs. 11.6), or number born 
alive (10.5 vs. 10.8) when similar spermatozoa concentrations were used. Only when 
suboptimal ( < l x l 09) spermatozoa concentrations were used did a decrease in farrowing 
rate or litter size occur. Yet, all farrowing rates and litter sizes (except those with 
suboptimal spermatozoa concentrations) presented in the study by Rozeboom et al. 
(2004) were higher than for the present study. However, a study performed by Martinez 
et al. (2001) found similar litter size (10.02 piglets per litter) as the present study using 3 
x 109 spermatozoa per insemination. The reported farrowing rate of 87.5% was much 
higher than in the present study. 
Breed of Sire Influence/Litter Size Interaction 
Table 8 describes breed of sire influence effects on total born, number born alive, 
mummies, and stillborns. Least Squares Means for Duroc influenced sows were not 
significantly (P = 0.08) lower than non-Duroc influenced sows. The effect of sire 
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influence was found only within treatments and not between treatments, which illustrates 
that sows were allotted indiscriminately between treatments 
Table 8. Least Squares Means for Litter Size by Breed 
Item Total Bom" Number Born Alive1 Stillborns1" Mummies" 
Breed 
Duroc Influence 9.08 = 0.69a S.7? ± 0.67° 0.035 = 0.25d 0.017 ±0.056" 
No Duroc Influence 10.06 = 0.46b 9.53 ± 0.45° 0.54 ± 0.17d 0.02 = 0.068e 
f N = 261 sows 
a b
 P - 0.08 
'""Superscripts. with the same letter within a column are not significant at the P > 0.05 
Parity/Litter Size Interactions 
Least Squares Means for parity on total born, number born alive, and stillborn by 
parity are found in table 9. No significant difference (P > 0.05) was found between the 
parity groups, but total born, number born alive, and stillborn tended to increase as parity 
increased. P7 sows had 1.33 more total piglets born, 0.93 more piglets born alive, and 
0.57 more stillborns as compared to PI sows. 
Table 9. Least Squares Means, for Litter Size by Parity 
Item Total Born Number Bom Alive Stillborns 
Parity 
1 8.S7 = 1.04a 8.68 = 1.02b 0.019 ±0.?9C N = - 15 
9.30 = 0.66* 8.85 = 0.65b 0.46 = 0.24c N = - 4 4 
4 9.91 =0.50* 9.37 = 0.49b 0.54 = 0.18c N = 260 
7 10.20 ±0.62 a 9.61 = 0.60b 0.59 = 0.22c N = = 70 
a b c
 Superscripts with tlie same letter within a column are not significant at the P > 0.05 
Intrauterine AI rod technique 
The employees on the trial farm found the use of the experimental intrauterine AI 
rod to be cumbersome due to a small percentage of sows not capable of being 
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inseminated on the first attempt. Although not calculated, employees experienced sows in 
which the balloon catheter would not extend through the cervix. This report is very 
similar to results reported by Rozeboom et al. (2004). They found that 6% or 38 sows 
were not capable of being inseminated with the intrauterine AI rod. Investigators in 
Denmark report similar findings with ~ 5% of every 30 to 50 sows unable to be 
inseminated with an intrauterine AI rod (Dunn, 2004). Martinez et al. (2001) used a 
flexible fibre optic endoscope that deposited semen deep intrauterine. Even with video 
imaging inside the cervix, the investigators had a difficult time inserting the endoscope 
through the cervix in 2 of the 33 subject sows and averaged 11 minutes per sow. One sow 
was deemed impossible to insert the endoscope through the cervix. However, 30 of 33 
sows exhibited no problem during insertion. These results are similar to those reported by 
Martinez et al. (2002) who found that an intrauterine rod was incapable of penetrating the 
cervix in 18 of 390 sows or 4.6%. 
Costs 
For this study, the intrauterine AI rod was $1.08 higher compared to the cervical 
rod (Swine Genetics International, Ltd, 2005). Averaging two inseminations per estrus 
and 535 sows per month on the experiment farm, the intrauterine rod would cost a total of 
$1445 more per month for the producer. 
Chapter V 
SUMMARY AND IMPLICATIONS 
AI technology has improved over the past two decades primarily attributable to 
practical implementation on commercial swine operations. Producers have become 
increasingly proficient in using artificial insemination to achieve desired reproductive 
performance. Furthermore, producers are willing to adopt any new AI technology if 
shown to increase profit within their swine operation. Intrauterine AI rods have been 
introduced into the marketplace by companies claiming more piglets per litter and 
increased fertility. Yet, very few statistically sound research projects have been 
performed to verify the achievable litter sizes and farrowing rates and justify the 
additional expense of the "new" type of AI rod. 
This trial was performed on a 2500-sow commercial farm with common industry 
management practices. Sows were equally allotted into an experimental and control 
group based upon parity, body condition score, and breed of sire influence of the sows. 
The experimental group (n = 193) was inseminated with an intrauterine AI rod, and the 
control group (n = 196) was inseminated with the standard cervical AI rod. The farm 
employees were specifically instructed on the proper techniques of using the 
experimental intrauterine rod. However, no other management practices (i.e., estrus 
detection, time of insemination, etc.) were changed in any manner. The goal of this 
project was to compare the intrauterine rod to the presently used cervical rods with no 
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other changes in management. After the completion of this trial, the data were analyzed 
for treatment, BCS, parity, and breed effects on litter size and farrowing rate. 
Parity and breed of sire influence were fixed effects in this model. Parity was 
found to have no significant (P > 0.05) effect on farrowing rate or litter size. The results 
showed a trend of increased litter size as parity increased. Breed of sire influence in sows 
approached significance (P = 0.08) on total born. However, there was no breed effect (P 
> 0.05) on total born alive, mummies, or stillborns. It is common industry knowledge that 
the Duroc breed is known to average smaller litters, and this result was found in the 
present study. 
Body condition score was a variable effect in this experiment. Body condition 
was scored from 1 to 5 prior to weaning and not measured again throughout the duration 
of the study. Sows could have gained or lost body condition by parturition, but a change 
in BCS should not have altered any outcome from the study. BCS did not significantly (P 
> 0.05) affect litter size in this study. 
The experimental and control groups were analyzed for litter size and farrowing 
rate. No difference was found between groups for litter size and farrowing rate. More 
disadvantages rather than advantages were found when using the experimental 
intrauterine AI rod. One disadvantage was that the cervix of a small percentage of sows 
was not capable of being penetrated by the balloon catheter. Unsuccessful matings 
contribute to reduced reproductive performance. 
A learning curve was experienced in using the intrauterine rod as well. Employees 
were given a week to become proficient using the IU rods. These workers became quite 
proficient using the IU rods by the beginning of the trial. If this rod is to be adapted to 
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commercial use, training will be an integral component to becoming confident in using 
the technique. Furthermore, training on insemination timing and frequency should be 
included as part of the training session. 
Probably the greatest disadvantage of the intrauterine AI rod is the cost of 
purchasing the rod. The additional $1.08 cost per rod does not entice producers to 
purchase the rod with no foreseen profit. In the investigators opinion, the cost/benefit 
ratio for this implementation on most commercial swine operations does not appear 
positive. 
As previously discussed, the intrauterine AI rod exhibits no advantage on 
farrowing rate or litter size over conventional AI equipment. Yet, after changing to an 
intrauterine AI program, testimonials by major intrauterine rod manufacturers suggest an 
increase in reproductive performance (10% increase in farrowing rate and 0.5-1.0 
increase in piglets per litter). This result, in the investigators' and others' opinion 
(Flemming Thorup of the Danish Bacon and Meat Council) (Dunn, 2004), is quite 
possibly due to extra attention that may be given to detail and management. Additional 
training is usually needed and preferred when changing to intrauterine rods. At this time, 
most employees are refreshed on current research and techniques regarding estrus 
detection and insemination. The process of implementing new technologies causes farm 
personnel to increase attention to detail, thereby boosting performance. Nonetheless, the 
results of the present study showed no advantages for considering a change from using 
the cheaper conventional AI rods. 
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